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STUDIES ON THE CAUSATIVE ORGANISM OF
TRICHOMYCOSIS AXILLARIS *
JOHN T CHISSEY, M.D., GEHBERT C. REBELL, AND JOHN J LASKAS, M.D.
Trichomycosis axillaris is a disease of the hairs of the axilla and pubis, and
rarely the beard, characterized by the appearance of nodules encircling the hair
shaft. The nodules vary in consistency from soft to very hard. At times they
are discrete and at times confluent, forming a film around the greater part of
the length of the hair shaft. Four color varieties have been described: yellow,
black, red, and fuscous, and the sweat in the affected region may be corre-
spondingly colored. The skin is unaffected.
Since Paxton first described Trichomycosis axillaris (1869) (1), and cultured an organism
resembling Trichophyton tonsurans from hairs planted on radish slices in moist sand, many
attempts have been made to isolate a causative organism. Early workers observed micro-
cocci or short rounded bacilli in the hair lesions, but were unable to culture them.
Behrend (Germany, 1890) (2) isolated a gelatin liquefying coccus, and Eisner (Germany,
1897) (3) an encapsulated gram + diplococcus which he considered to be identical to Beh-
rend's. Sonnenherg (Germany, 1898) (4) cultured a similar organism. Winternitz (Germany,
1903) (5) isolated a non motile gram + bacillus showing chromatic granules.
Castellani (Ceylon, 1911) (6) was the first to identify the organism in the concretions as
a streptothrix, and later named it Nocardia tenuis. He observed branching in the concre-
tions but was unable to culture the organism, although he succeeded with the chromogenic
cocci fonnd living symbiotically with the causative organism in the red and black varieties
of the disease. Chalmers and O'Farrel (Anglo-Egyptian Sudan, 1913) (7) were able to get
germination of an organism from infected hair scrapings incubated in equal parts human
serum and normal saline. They observed thin bacillary-like hyphae with monopodial
branching. Attempts to transfer the organism to ordinary media were unsuccessful. Macfie
(Gold Coast, 1916) (8) isolated a branching Nocardia from infected hairs from one case of
Trichomycosis axillaris.
Scbobl (Philippines, 1914) (9) found a species of Corynebacterinm in all his cases (10).
The organism acidified glucose, maltose, and sucrose, and did not liquefy gelatin nor
hemolyze human blood. It was not pathogenic for white mice.
Yamada (Japan, 1907) (10) isolated a diplococcus. Kormorita (1907) (11), Takasugi
(1917) (12), Araki and Yonekura (1917) (13), all working in Japan, isolated bacillary types.
Takahashi (Japan, 1928) (14) isolated two nocardia types. Miyamura (Japan, 1930) (15)
isolated 40 nocardia strains from 50 cases of Trichomycosis axillaris. He could not find this
organism in normal axillae.
Huang (Japan 1933) (16), in a very thorough paper which includes a complete review of
the literature, reported on 25 strains isolated from cases of Trichomycosis axillaris. Al-
though many of his strains did not produce true branching, but only coccal and bacillary
forms, he considered them all to be Nocardias, some with incomplete life cycles.
Thus, many different organisms have been isolated from the diseased hairs, in many dif-
ferent geographic areas, but with the exception of Miyamura's work, all the above studies
were made on hairs taken from known cases of Trichomycosis axillaris. Whether similar
organisms existed in the axillae of normal people in the geographic areas in which the
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studies were made was not determined. This lack of control was in part offset in Huang's
study by his apparent success iii producing Trichomycosis lesions in vivo by inoculation of
his organisms into the axillae of volunteers. Takabashi was also partially successful in
human inoculation. The lesions produced, however, were not typical of the disease. In
vitro attempts to produce the disease have been unsuccessful.
The purpose of this study was to isolate the causative organism of Trichomyco-
sis axillaris and to define its morphologic and cultural characteristics.
Methods
1. Selection of patients: During the months of August and September, 1950,
100 consecutive patients entering the dermatology clinic of the University
Hospital were examined for clinical evidence of Trichomycosis axillaris. From
every patient, regardless of clinical findings, a sample of axillary hair was col-
lected with sterile precautions. When clinically infected hairs were present
these were included in the sample. In none of these patients was Trichomycosis
axillaris the condition for which the patient sought relief.
2. Examination of hairs: All collected hairs were examined microscopically
for evidence of Trichomycosis; hairs showing concretions of any kind were
examined in a 10% KOH preparation. Gram stain preparations were made of
the concretions.
3. Isolation of causative organism: Hairs from each sample were fragmented
with a scalpel. Pour plates of this material were made using Difco heart infusion
agar. The plates were incubated at 37°C and inspected daily for evidence of
growth under the low power of the microscope. Plates were kept under observa-
tion for one month. When characteristic colonies of Trichomycosis axillaris
appeared, they were cut out from the agar, and the strain obtained in pure
culture by repeated transfers on horse blood agar, using Difco blood agar base.
4. Determination of microscopic characteristics: Smears from 48 hour colonies
grown on Difco heart infusion agar were made and stained with Gram's stain,
periodic acid-Schiff stain, and Loeffler's methylene blue, and examined micro-
scopically.
5. Isolated strains thought to be the trichomycosis organism were submitted
to the following procedures:
a. Determination of growth characteristics on agar: The colony form was
observed specifically at 48 hours on Difco heart infusion agar, and on horse
blood agar.
b. Determination of growth characteristics in broth: The growth character-
istics in Difco brain-heart infusion broth were observed at one and three weeks.
c. Determination of growth characteristics in thioglycollate tubes: Shake
tubes were prepared using the isolated strains and Brewer's thioglycollate
medium plus 0.5% agar. These were incubated at 37°C for four days, and the
growth characteristics observed.
d. Determination of hemolysis of human, horse, and sheep bloods: The
strains were streaked on blood agar prepared with human, horse, and sheep
bloods. Plates were incubated at 37°C and observed for hemolysis at 24 and
48 hours.
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e. Determination of fermentation of dextrose and lactose: The strains were
streaked on lactose and dextrose agar plates prepared by adding 20 gms. of
the sugars to a liter of Difco phenol red broth base to which 1.5% agar was
added. The plates were incubated at 37°C and observed at 24 and 48 hours for
fermentation.
f. Determination of gelatin liquefaction: The strains were inoculated in 10%
gelatin in Difco heart infusion broth, incubated at 20°C and 37°C, and the
tubes observed for liquefaction at the end of one and two weeks.
g. Determination of effect on purple milk agar: The strains were streaked
on purple milk agar prepared by adding 1.5% agar to Difco purple milk, The
plates were incubated at 37°C and observed at 96 hours for changes.
h. Determination of relative growth at 30° and 37°C. The strains were streaked
on two sets of plates of heart infusion agar. One set was incubated at 30° and
the other at 37°C. The comparative growth was observed at 24 and 48 hours.
i. Determination of gross effect of lipids and glycerin on growth: Heart
infusion agar plates were divided into separate quadrants by the excision of
agar strips in the form of a cross. 0.1 cc. amounts of 10% solutions of the follow
ing substances were pipetted over the surfaces of individual quadrants: olive
oil in acetone, lecithin in ether, butterfat in ether and glycerin in water. After
evaporation of the solvents the quadrants were inoculated with the strains to
be tested. Control quadrants without lipids inoculated with the same strains
were set up. The plates were incubated at 37°C and examined at 1, 2, and 7
days.
j. Determination of relative growth at various pH's: The strains were streaked
on heart infusion agar plates strongly buffered with phosphates at pH 4, 5, 6, 7, 7
and 9 (as checked by the Beckman pH meter). Appropriate indicators were
included in the media. The plates were incubated at 37°C and observed at 1,
2 and 7 days for comparative growth.
k. Determination of pathogenicity for mice: Suspensions of strains 54, 57,
58 and 67, diluted 1 to 50 volumetrically, in gastric mucin, were inoculated
intraperitoneally into groups of six male Swiss white mice. Pairs of mice were
sacrificed at intervals of 4, 7 and 14 days, and necropsies performed. Livers and
spleens were cultured.
1. Determination of antibiotic sensitivity: The strains were streaked on
heart infusion agar plates containing the following antibiotics in concentrations
of 1, 2, 10, 20, 50 and 100 micrograms per ml: penicillin, aureomycin, chioro-
mycin, streptomycin, neomycin, terramycin and sodium sulfadiazine. The plates
were incubated at 37°C and examined for growth at 1, 2 and 7 days.
EXPERIMENTAL OBSERVATIONS
1. Clinical incidence of Trichomycosis axillaris: Of the 100 patients observed,
23 showed clinical evidence of Triochomycosis axillaris. Of these, 15 were negro.
Sixty five of the total patients seen were negro and 35 were white. All cases were
of the yellow (fiava) variety; examples of the red, fusca, and black varieties were
not seen. The skin of the axillae appeared normal in all the patients examined.
2. 1\'Iicroscopic incidence of Trichomycosis axillaris: All 23 cases of clinical
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Trichomycosis axillaris were confirmed by microscopic examination. Concretions
showing the microscopic features of the disease, i.e. nodules along the hair shaft
composed of fine filaments embedded in a yellowish matrix, were found on
hairs in 5 additional cases. These nodules were too small and too few in number
to be apparent clinically, in some instances appearing merely as a microscopic
film along portions of the hair shaft.
When these nodules were crushed and gram stained they were seen to contain
small, gram positive bacillary and coccal forms similar to those subsequently
observed in culture.
3. Isolation of the causative organism: The pour plate method was used
to reduce the problem of isolating the trichomycosis organism in pure culture,
since it was observed that on surface streaked plates normal skin micrococci
tend to overgrow other bacterial forms.
In every case in which the KOR examination was positive, a distinctive compact
colony appearing brownish in transmitted light was observed to grow from
the infected hair shaft. In three cases in \vhich the KOH examination was nega-
tive these same colonies were observed.
Gram stains of these colonies showed rod and coccal forms similar to those
observed in the trichomycosis nodules on the hair.
In all cases we were able to isolate from these distinctive colonies organisms
morphologically similar to those found in the nodules and in the initial growth
along the hair shaft. When colonies typical of those thought to he the trichomyco-
sis organism were found growing free from the hair shaft, they appeared as
clustered discs arranged in varying planes in the agar.
4. Microscopic morphology of the trichomycosis organism: Gram stain prep-
arations of the organisms showed them to be gram positive and of diphtheroid
form, ranging from strains consisting almost entirely of coccal elements (0.5—
.15 mu in diam.) to strains largely composed of rod forms (up to 11 mu in length)
(Fig. 1). In no instance was true branching or definite hyphal formation ob-
served, although diphtheroid type "Y" forms were common. Essentially these
organisms were arranged in palisade patterns. They were, in general, mor-
phologically indistinguishable from other diphtheroid types common on the
normal skin.
They did not stain with the periodic acid-Schiff method. When stained with
Loeffier's methylene blue they appeared as granular and branching forms ap-
parently embedded in a hyaline matrix, as described by Huang (16).
5. Additional characteristics: See Table I.
a. Colony types: Twenty seven strains grew well on heart infusion agar,
producing white or nearly white colonies, usually rough and adherent to the
medium (Fig. 2). Four produced whitish, fiat and moist colonies not unlike
those of normal skin staphylococci. Strain 86 produced yellowish discoloration
of the medium. There was no correlation between colony morphology and varia-
tions in microscopic appearance. When incubated for extended periods, the
colonies retained their bacterial form, and did not develop a mycelial down, as
described by Huang for certain of his strains.
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b. Broth growth: A granular or ropy sediment, usually without turbidity,
was produced in broth in one week. At three weeks the appearance was un-
chaiiged. A pellicle was formed in only one instance (Strain 91).
c. Oxygen requirement: In the thioglycollate tubes, growth occurred only in
the aerobic zone.
strain strain
II 64
3 66 tfjf_j'.L
9 67 S,
31 73
32 76
35 80
41 85
43 86
49 87
54 90
55 91
56 " "- 92
57 93 "1
58 97
59 H
62 #4
FIG. 1. Microscopic characteristics of 31 strains of Corynebacterium tenuis.
d. Hemolysis: Eleven of the 31 strains tested produced hemolysis on one or
more of the types of blood used.
e. Dextrose and lactose fermentation: Twenty-seven of the 31 strains fer-
mented dextrose; two fermented lactose.
f. Gelatin liquefaction: Conical liquefaction was produced by 2 of the 31
strains.
g. Purple milk agar effect: Of the 31 strains, 15 produced slight to moderate
alkalinity, and 4 of these were proteolytie. One strain was proteolytic alone; the
remainder produced no changes.
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Fio. 2. Corynebacterium tenuis colony types; numbers indicate the strains
h. Temperature effect: Growth was somewhat more rapid at 37°.
i. Effect of lipid and glycerin: Growth was not affected by the presence of
olive oil, lecithin, butter fat, or glycerin.
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TABLE II
Effect of antibiotics and sulfadiazine on Corynebacterium tenuis in vitro; plus signs indicate
amount of growth
MICROGRAMS STRAINS USED
TEST AGENT PEE ML. OP ________ ________________ __________________ _____________
MEDIUM 32 76 54 80 67 41 66 93
panicillin 1 — — — — — — — —
2 — — — — — — — —
10 — — — — — — — —
20 — — — — — — — —
50 — — — — — — — —
100 — — — — — — — —
auraotnycin 1 +++ +++ +++ +++ +++ + ++++++2 +++ +++ +++ ++ +++ - ++++++
10 ++ ++ ++ - - - ++++
20 — — — — — — —
50 — — — — — — — —
100 — — — — — — — —
ahloromycatin 1 +++ ---l-+ ---j--- ------ +++ ++ ++++++
2 ++ ++ ++ - + + ++++
10 — — — — — — — —
20 — — — — — — — —
50 — — — — — — — —
100 — — — — — — — —
terramycin 1 + +++ ++ + ++
2 + + + + + + ++ +
10 — — — — — — — —
20 — — — — — — — —
50 — — — — — — — —
100 — — — — — — — —
streptomycin 1 — — — — + — — —
2 — — — — — — — —
10 — — — — — — — —
20 — — — — — — — —
50 — — — — — — — —
100 — — — — — — — —
ncomycin 1 — — — — — — — —
2 — — — — — — — —
10 — — — — — — — —
20 — — — — — — — —
50 — — — — — — — —
100 — — — — — — — —
sulfadiasine 1 +++ +++ +++ +++ +++ +++++++++
2 ++ +++ +++ +++ ++ +++++++++
10 + ++ ++ ++ + ++++++
20 + ++ ++ ++ + + ++ ++
50 + + + + + - ++++
100 + + — — — — ++ +—
j. Effect of pH: Growth in general was best in the alkaline range. No strains
grew at H4, two strains at pH, apd 11 at pils.
k. Monse pathogenicity: No mice died; no lesions were found at necropsy;
liver and spleen cultures were uegative.
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1. Antibiotic effect: Results are summarized in Table II. All strains were very
sensitive to penicillin, streptomycin and neomycin, moderately sensitive to
chloromycetin and terramycin, less sensitive to aureomycin, with the exception
of Strain 41, and resistant to sulfadiazine.
DISCUSSION
During the months of August and September the yellow type of Trichomycosis
axillaris appears to be a relatively common affection in Philadelphia and vicinity,
and one of which the patient is usually unaware. There appears to be no basis
for the belief that the Negro is less susceptible than the white.
From the affected hairs a diphtheroid organism may easily be cultured on
ordinary media. This seems to be a significant finding in that such organisms
could be grown from all 28 diseased hair samples, and from only 3 of the normal.
On the basis of morphology it would be difficult to separate these organisms
from any of the diphtheroids found on the normal skin. While heterogeneous in
morphology, they are in general uniform in regard to the appearance of growth
on agar and in broth, aerobiasis, dextrose and lactose fermentation, gelatin
liquefaction, temperature and p11 preference, and sensitivity to antibiotics.
In contrast to many normal skin diphtheroids the organisms we have isolated
are not stimulated in their growth by the addition of lipids and glycerin to the
medium. Unlike normal skin diphtheroids they ferment lactose and dextrose,
and grow best at an alkaline pH. This latter preference, which is marked, sug-
gests adaptation of the organism to the alkaline pH of accumulated axillary
sweat.
There is nothing in our findings which would lead us to classify this organism
in the Actinomycetales, although there are many similarities between Come-
bacteria and Nocardias. We have not observed the branching described by
other authors. We are inclined, therefore, to consider the causative organism of
Trichomycosis axillaris, as it occurs in Philadelphia and vicinity, a diphtheroid,
rather than a Nocardia, and we suggest for it the name, Cornebacterium tenuis.
It is possible that the disease may be caused by other related organisms in other
parts of the world.
SUMMARY
1. 28 cases of Trichomycosis axillaris were found in 100 consecutive clinic
cases examined.
2. Corynebaeteria were isolated from all 28 cases of Trichomycosis axillaris,
and from 3 normal eases.
3. The cultural, microscopic, and growth characteristics, mouse pathogenicity,
and antibiotic sensitivities of these organisms are reported.
4. The name Corynebaeterium tenuis is proposed for the organism causing
Trichomycosis axillaris in Philadelphia and vicinity.
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